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The Standard Model (SM) of particle physics has been established by observing 
the Higgs boson in 2012. The SM is an excellent theory since it can naturally explain 
various measurements of particle physics so far. However, there are some phenomena 
that cannot be explained by the SM, and the New Physics (NP) beyond the SM is 
suggested. The LHC experiment, the energy frontier experiment that aims to produce 
NP particles directly using high energy beam collision, doesn’t find any sign of the NP so 
far. Another approach is to find effects of NP indirectly at the luminosity frontier 
experiment. A phenomenon that is suppressed by the SM can interfere with NP through 
the quantum effect. The luminosity frontier experiment measures such phenomena 
precisely and finds signatures of NP emerge in the intermediate state. 
The Belle II experiment is one of the luminosity frontier experiments. Belle II is 
an electron-positron asymmetric energy beam collision experiment at High Energy 
Accelerator Organization (KEK), Tsukuba, Japan. It searches for the NP by producing 
an enormous number of B-mesons and measuring their decays precisely with high 
statistics that correspond to an integrated luminosity of 50 ab-1 as the target. One of the 
important decay processes of B-meson in the NP search is Flavor Changing Neutral 
Current (FCNC) process. FCNC process only occurs through a loop diagram and NP 
particles such as charged Higgs boson and supersymmetry particles appear in the loop 
as a virtual particle. High precision measurements of B-meson decays require an 
excellent particle identification device to separate between a charged kaon and a 
charged pion at a wide momentum range. For example, discrimination between 𝐵𝐵 →
𝐾𝐾∗(→ 𝐾𝐾𝐾𝐾)𝛾𝛾  decay and 𝐵𝐵 → 𝜌𝜌(→ 𝐾𝐾𝐾𝐾)𝛾𝛾  decay that occurs through the FCNC process 
requires 𝐾𝐾/𝐾𝐾 separation for a charged particle having the momentum of 4 GeV/c, which 
had been almost impossible at the previous experiments. 
We develop the Aerogel Ring Imaging Cherenkov (ARICH) counter as a particle 
identification device at the Belle II experiment. ARICH consists of a silica aerogel layer 
as a radiator of the Cherenkov light and Hybrid Avalanche Photo Detector (HAPD) 
layer as a photon sensor. Cherenkov photons are emitted in the silica aerogel radiator, 
and they are detected by HAPDs and reconstructed as a ring image. Particle 
identification is performed by measuring the emission angles of Cherenkov photons. 
The construction of ARICH was completed in October 2018 and the ARICH counter was 
installed into the Belle II spectrometer in December 2018. ARICH counter takes the role 
of particle identification at the end-cap region of the Belle II spectrometer at the 
currently running Belle II experiment. 
In this study, particle identification of Belle II using the ARICH counter is 
discussed. In particular, I verified the healthiness of HAPD and evaluated the 
performance of particle identification of the ARICH counter. Furthermore, overall 
performance in hardware and software of the whole Belle II experiment is 
demonstrated through the search of 𝐵𝐵 → 𝐾𝐾∗𝛾𝛾 decays. 
The performance of HAPDs is evaluated to verify if the ARICH counter works as 
expected under the practical environment of the Belle II experiment. The 
signal-to-noise ratio is found to be greater than 6 at close to the temperature limit and it 
is capable of distinguishing signal from noise in the entire operating temperature range. 
Furthermore, trends of signal-to-noise ratio and the fraction of the dead channels 
during the commissioning period of the Belle II operation are found to be greater than 6 
and less than 1 %, respectively. These results prove the performance of HAPDs is 
fulfilled our request during the Belle II operation. 
We evaluate the performance of particle identification of the ARICH counter using 
the beam collision data which corresponds to an integrated luminosity of 5.15 fb-1. 
Particle identification of ARICH is performed by comparing the measured hit 
distribution with the expected hit distribution calculated from track information 
measured at the inner detectors of Belle II. Expected hit distributions are calibrated 
using the Cherenkov angle distribution of muons and pions in 𝑒𝑒+𝑒𝑒− → 𝜇𝜇+𝜇𝜇− events and 
𝐾𝐾𝑆𝑆0 → 𝐾𝐾+𝐾𝐾− decays, respectively. The evaluation of the ARICH performance uses 𝐷𝐷∗ →
𝐷𝐷(→ 𝐾𝐾𝐾𝐾)𝐾𝐾 decay. As a result, 𝐾𝐾(𝐾𝐾) efficiency and 𝐾𝐾(𝐾𝐾) misidentification probability 
are found to be 93.5 ± 0.6 % (87.5 ± 0.9 %) and 10.9 ± 0.9% (5.6 ± 0.3 %), respectively. The 
dependencies of momentum and incident angle of the track are also evaluated, it proves 
that particle identification of ARICH keeps good performance in the entire acceptance 
region. 
I analyze 𝐵𝐵 → 𝐾𝐾∗𝛾𝛾  decay which is one of the exclusive decay of the 𝑏𝑏 → 𝑠𝑠𝛾𝛾 
transition. The aim of this study is to demonstrate that the Belle II spectrometer is 
working as expected at the early stage of the Belle II experiment. I analyze three decay 
modes of 𝐾𝐾∗: 𝐾𝐾∗ → 𝐾𝐾+𝐾𝐾−, 𝐾𝐾∗ → 𝐾𝐾+𝐾𝐾0, and 𝐾𝐾∗ → 𝐾𝐾𝑆𝑆0𝐾𝐾+. I used data that corresponds to 
an integrated luminosity of 2.62 fb-1. As a result, the numbers of signals are measured 
to be 19.1 ± 5.1, 9.8 ± 3.4, and 6.6 ± 3.1 for 𝐵𝐵0 → 𝐾𝐾∗0(→ 𝐾𝐾+𝐾𝐾−)𝛾𝛾, 𝐵𝐵+ → 𝐾𝐾∗+(→ 𝐾𝐾+𝐾𝐾0)𝛾𝛾, 
and 𝐵𝐵+ → 𝐾𝐾∗+(→ 𝐾𝐾𝑆𝑆0𝐾𝐾+)𝛾𝛾, respectively. Combining three decay modes, the significance 
of the 𝐵𝐵 → 𝐾𝐾∗𝛾𝛾 decay is found to be 6.2𝜎𝜎 and the 𝐵𝐵 → 𝐾𝐾∗𝛾𝛾 decay is rediscovered at 
Belle II with more than 5𝜎𝜎  precision. Those results are consistent with the MC 
simulation of the Belle II experiment and the expectation from the world average of 
other experiments. It proves that the software and hardware of Belle II are working as 
expected, and the rare decays of B-meson can be measured as expected at the Belle II 
experiment through the rediscovery of the 𝐵𝐵 → 𝐾𝐾∗𝛾𝛾 decays. 
 
